Membrane vesicles (MVs) serve as a vital source of virulence factors in many pathogenic organisms. The 33 release of MVs by Listeria monocytogenes is only recently recognized, but its role in the pathogenesis is 34 poorly understood. Here, we investigated the role of MVs of L. monocytogenes in virulence and host 35
the Illumina NextSeq sample preparation kit (San Diego, CA) and checked for quality and quantity using 133 the Bioanalyzer. Paired-end reads were obtained using the Illumina NexSeq 500 platform. Trimmomatic 134 was used to remove any remaining Illumina adapter sequences from reads and to trim bases off the start 135 or the end of a read when the quality score fell below a threshold (25). Sequence quality metrics were 136 assessed using FastQC. Reads were aligned independently to the Homo sapiens genome (GRCh38/hg38) 137 obtained from the UCSC genome browser (http://genome.ucsc.edu) using HISAT (v 2.0.10) (26). After 138 read mapping to hg38, SAMtools (http://www.htslib.org/) was used to filter bam files for uniquely 139 mapped reads. Resulting BAM files were used for all further downstream analyses. 140 141 Reads aligned to annotated genes were quantified with the feature-count program Subread (27) using 142 gene annotations from the UCSC genome browser. Uniquely mapped reads were subjected to DEseq2-143
Bioconductor R package (28) for identification and quantification of genes that were significantly 144 differentially expressed between the conditions, following standard normalization procedures. The FPKM 145 (fragment per kilobase max. transcript length per million mapped reads) values were computed for each 146 library from the raw read counts. Normalized counts were transformed to rlog values to create a heat 147 map. The list of DESeq2 determined differentially expressed genes (DEGs) was filtered with a 148 conservative absolute log2 fold change cutoff and corrected p-value (p<0.05). Heatmap was generated 149 using Heatmapper (29). Differentially expressed genes of data sets were subjected to the enhanced 150 volcano to create volcano plot (https://github.com/kevinblighe/EnhancedVolcano). Boxplot was 151 generated using BoxPlotR (30). Lists of differentially expressed genes were further annotated with 152 ConsensusPathDB (31), BionetDB (32) and pathway information from the KEGG database. peptides were identified in L. monocytogenes cells and MVs, respectively. The complete list of the 182 identified peptides and proteins are provided in Table S1 and S2, respectively. From these peptides, 1376 183 and 456 proteins were identified in L. monocytogenes cells and MVs, respectively. We compared the MV 184 and cellular proteomes of L. monocytogenes. As shown in the Venn diagram, 401 proteins were found in 185 both whole cell and MV proteome (Fig. 1B) . Among the 456 proteins in MVs, 235 proteins (52%) were 186 predicted as cytoplasmic, 63 proteins (14%) as cytoplasmic membrane, 42 proteins (9%) as extracellular, 187 11 proteins (2%) as cell well-associated. Localization of 105 proteins (23%) could not be predicted using 188 Psortb ( Fig.1C and D) . 189
190
Among the identified MV proteins, few posses LPXTG motif, which is known to mediate the covalent 191 attachment to the cell wall and a few carry LysM motif that allows non-covalent attachment to the 192 peptidoglycan. A total of 40 unique proteins were found only in MVs such as, oligopeptide transport 193 ATP-binding protein oppF, ABC-2 type transport system permease, chromosomal replication initiator 194 protein DnaA, DNA mismatch repair protein MutL, DNA segregation ATPase FtsK/SpoIIIE, flagellar 195 protein export ATPase FliI, transcriptional pleiotropic regulator, secreted protein and few other 196 uncharacterized proteins (Table 1) . 197
198

Virulence factors associated with MVs 199
Major virulence factors such as LLO, InlB, PLC-A, flagellin, HlyD family secretion protein, LemA 200 protein, methyl-accepting chemotaxis protein, N-acetylmuramoyl-L-alanine amidase, and pheromone 201 lipoprotein were identified in MVs. Also, we have identified major secretory proteins prsA, invasion 202 associated secreted endopeptidase, and multifunctional fusion protein (secD), murA, and SecA in MVs 203 (Table 2) . Also, sortase A was identified in MVs with the LPXTG motif, known to mediate the covalent 204 attachment of the protein to the cell wall. The role of sortase A in L. monocytogenes infection is critical 205 range of biological processes including differentiation, proliferation, survival, stress, innate and adaptive 242 immune responses, and glucose metabolism. At 4 h, many of the up-regulated genes belong to 243 endocytosis, autophagy, actin cytoskeleton rearrangements, cell cycle, and pro-inflammatory cytokines. Invading microbial pathogens are sensed by the host PRR, such as Toll-like receptors (TLR), NOD-like 255 receptors (NLR), and RIG-I-like receptors (RLR), through binding of PRRs to their ligands called 256 pathogen-associated molecular patterns (PAMPs), which leads to the activation of host immune responses 257 to microbial infections. DEGS in TLR and NLR signaling pathways, as well as cytokine-cytokine 258 receptor interaction and chemokine signaling pathways, were significantly enriched ( Table 4 ). Most of 259 the pathways associated with innate immune responses were up-regulated, whereas those involved in the 260 basal cellular metabolic pathways were generally down-regulated. 261
Endocytosis and autophagy responses 262
The initial attachment and binding of MVs to epithelial surface triggered a dynamic host response as 263 observed by GO enrichment of functional groups, including response to the endocytic pathway and 264 autophagy. Within 4 h data set, the CAV1 gene was highly up-regulated (55 fold), suggesting that MVs 265 could be internalized via caveolin-mediated endocytosis. The transcriptome signatures also revealed 266 modulation of cell-to-cell junction proteins, in particular, claudin 3 (CLDN3) and claudin 8 (CLDN8), 267 which serve as the sealing components of the tight junction forming the paracellular barrier, highlighting 268 MV invasion based on parasitosis. Transcripts involved in the autophagy process were also significantly 269 up-regulated at 4 h infection. Importantly, GABARAPL1, FEZ1, MAPILC3B, RAB7A, ATP6V1G1 270 (GO:0006914) were significantly up-regulated. At 8 h infection, autophagy-related genes were not 271 regulated considerably suggesting that the autophagy is an early stage mechanism of host response during 272 Relaxin signaling pathway, and PI3K-Akt signaling pathway were significantly enriched (Table 4) . 304 305
Non-coding RNAs 306
RNA sequencing of MV-infected host cells revealed several lincRNAs, microRNAs, snoRNAs, and 307 snRNAs that were significantly regulated upon infection with MVs ( Fig. 5) . Notably, we observed 157 308 host snoRNAs were differentially regulated ( Supplementary Table S3 ). These snoRNAs were categorized were up-regulated, and 520 were down-regulated) were differentially expressed in MV-infected cells 320 ( Fig. 6A) . Similarly, during the 8 h infection revealed a total of 2,216 genes were significantly regulated. 321
Of these, 727 were up-regulated, and 1,489 were down-regulated (>1.5-fold regulation, p-value<0.05, 322 padj<0.05), whereas 989 genes were significantly regulated in MV-infected cells. Of these, 360 were up-323 regulated while 629 were down-regulated (>1.5-fold regulation, pvalue<0.05, padj<0.05) ( Fig. 6B ). 324
Overall, 560 genes were commonly regulated in both sets during 4 h post infection wherase 523 genes 325 were commonly regulated in both sets during 8 h post infection ( Fig. 6A-B ). Furthermore, we performed 326 pathway analysis with the distinct subset of genes modulated by both treatments. The results revealed that 327 the genes regulated by both MVs and cells showed enrichment of common GO terms. Analysis of the DE 328 genes commonly altered by the infection of L. monocytogenes and MVs ( Supplementary Table S4 ) 329 revealed the enrichment of genes involved in the inflammatory response, cellular response to tumor 330 necrosis factor (TNF), immune response, apoptotic cell signaling, ER stress, and others. The commonly 331 DE genes could be categorized into several canonical pathways, such as TNF signaling, toll-like receptor 332 (TLR) signaling pathway, nuclear Factor-kB (NF-kB), chemokine signaling, and cytokine-cytokine 333 receptor interaction ( Fig 7A) . Altogether, these results suggested that both L. monocytogenes and its MVs 334 could modulate the expression of a similar set of genes and pathways. 335 336
Dissimilar host responses to L. monocytogenes and its MVs 337
At the early stage of infection, specific genes involved in mitochondrial-mediated transport, apoptosis, 338 immune response, and miRNAs showed differentially regulated by L. monocytogenes and its MVs. For 339 instance, mitochondrial-mediated transport genes MRPL22, MRPS6, MPZL2, NDUFS3, and COX5B 340 were up-regulated by MVs and down-regulated by L. monocytogenes (Fig. 7B) . Similarly, innate immune 341 response and apoptotic related genes CXCL2, CXCL8, ICAM1, MUC13, C13, NECTIN2, GATA6, 342 ARF3, TIMP3, NDUF3, MSX2, NFKBIA, and RPS27A were differentially regulated ( Fig 7A & C) . 343
Also, several lincRNAs, microRNAs, snoRNAs, and snRNAs were significantly down-regulated by the 344 infection with MVs when compared to L. monocytogenes (Fig. 7D) . were differentially regulated ( Fig 8A) . Similarly, the cytoskeleton and microtubule-associated genes were 348 differentially regulated ( Fig. 8B ). Few cell cycle-related genes such as MCM6, MYC, and CCNB1 were 349 mediated transport genes and several lincRNAs, microRNAs, snoRNAs, and snRNAs were differentially 
